
It's a question of “when,” and how significantly, not “if.” Here's the
latest thinking on how genomics is transforming neurology. 

By K. K. Jain, MD

T he mapping of the human genome in 2003 was seen
by many as the crucial foundation upon which the
nascent field of genomics could be built. Genomics is
the study of all genes in an organism—their
sequences, structure, regulation, interaction and

products. As a scientific discipline, genomics involves mapping,
sequencing and analysis of the genomes and can be described as
structural or functional. Structural genomics deals with con-
struction of high-resolution genetic, physical and transcript
maps of an organism. The ultimate physical map of an organism
is its complete DNA sequence. Functional genomics refers to the
development and application of experimental approaches to
assess gene function by making use of the information provided
by structural genomics.

The advent of the genomic era has not only revolutionized
drug discovery, it is also expected to change the practice of med-
icine. “Genomic medicine” can be defined as the use of geno-
typic analysis to enhance the quality of medical care, including
presymptomatic identification of predisposition to disease, pre-
ventive intervention, selection of pharmacotherapy and individ-
ual design of medical care based on genotype. It forms an
important component of molecular medicine. 

Parallel to this, “genomic neurology” can be defined as the
application of genomics to neurology and is considered to be a
part of molecular neurology. Of particular interest in neurology
are the genes involved in neurologic disorders. In a broad sense,
neurogenomics is the study of how the genome as a whole con-
tributes to the evolution, development, structure and function
of the nervous system.1

Genomics has contributed to neuropharmacology in the area
of pharmacogenetics, the term applied to the influence of genet-
ic factors on the action of drugs (i.e., which drugs work best on
which patients and the genetic basis of susceptibility to adverse
reactions of drugs). This term should be distinguished from
pharmacogenomics (an offshoot of genomics), as it usually
refers to the application of genomic technologies to drug dis-
covery and development. Neurogenomics has also been applied
for developing drugs for neurologic disorders.

Neurology made considerable progress during the past
decade, with advances in therapeutics of previously untreatable
diseases, and developments in genomic technologies will revo-
lutionize the practice of medicine during the postgenomic era.
Neurologists are expected to keep up-to-date with advances in
genomics. However, the role of environmental factors in etiolo-
gy of neurologic disorders should not be overlooked. Environ-
mental factors may trigger the onset of disease in a patient
genetically predisposed to the disease.

Terms and Key Factors
Although some of our knowledge of heritable traits has remained
unchanged since Gregor Mendel’s day, genomics has fueled the
rapid evolution of the field in recent years. Below is an overview
of the terminology and technology being used today.

Genome. An organism’s complete DNA sequence is its
genome. The human genome is extremely complex and is esti-
mated to contain between 20,000 to 25,000 genes and about
three billion nucleotides (the genome of unicellular organisms
contains one to 10 million nucleotides). However, DNA
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sequence information provides only a static snapshot of the var-
ious ways in which the cell might use its proteins, whereas the
life of the cell is a dynamic process.

Proteomics. There is an increasing interest in proteomics (a
term that combines the words “protein” and “genome”) because
it represents the genome at work. Proteomics is the systematic
analysis of protein profiles of tissues. The classical concept of
“one gene, one protein” is no longer valid because one gene codes
for more than one protein and the human body may contain
more than half a million different proteins (3-D structures), each
having slightly or different functions. 

Gene sequencing. Knowledge of an organism’s complete
genomic sequence allows a systematic approach to defining its
genetic components. After completing genome sequencing, the
next step will be to identify each gene, ascertain each gene’s func-
tion within the genome, and determine the protein that each
gene encodes. Both sequencing and functional genomics use
bioinformatics for management of the resulting data. This will
be combined with results from clinical trials, population genet-
ics, statistics, and imaging research. Several such databases are
being developed; some of these are in the public domain.

Gel electrophoresis. This well-known method requires
expensive hardware. It has many advantages over homogeneous
systems, such as analysis of size, shape and charge of molecules.
Disadvantages are tedious gel preparation and longer run times.
More accurate and easier-to-use systems are emerging. Various
refinements of gel electrophoresis for application in genomics
include the following:

• Pulsed-field gel electrophoresis. This technique enables sepa-
ration of large DNA molecules. Two alternating fields are used,
and separation of DNA fragments depends on their conforma-
tional properties.

• 2-D gel electrophoresis. This technique offers the highest res-
olution separations available for proteins when gels of sufficient
size are used. This level of resolution, almost two orders of mag-
nitude better than any competing technique, makes it uniquely
suited to the study of protein components of cells. The major
problem with this technique is that most of the spots cannot be
sequenced, as they are beyond the capacity of current high-sen-
sitivity sequencers.

• Capillary electrophoresis. This uses fused silica capillaries and
is employed for separation of DNA molecules based on the
charge-to-mass ratio of the analytes. The advantages of capillary
electrophoresis over gel electrophoresis are that it is faster, less
labor-intensive, can be readily automated and requires picogram
quantities of samples rather than microgram quantities.

DNA sequencing. Most of the genetic disorders are caused by
point mutations. Deletions are less frequent and may be over-
looked by DNA mapping. It is difficult to find the location of a
gene buried in the tangle of chromosomal DNA in the nucleus;

sequencing of individual nucleotide bases may be required.
Although many genes are being found, it is still not clear how to
use that information to probe the organization and expression of
genes. Sequencing is also used to determine protein sequences,
but it is difficult to determine protein function from sequence.
Sequencing is now automated.

DNA libraries. There are two main types of DNA libraries:
genomic and cDNA.

• Genomic libraries. These are constructed by partially digest-
ing the human genomic DNA with restriction enzymes. Lib-
raries that contain clones only from specific human chromo-
somes are now available. These are created cloning DNA from
chromosomes separated on the basis of size.

• cDNA libraries. A DNA library is the mixture of cDNAs
from a given tissue. Techniques are available to insert cDNA into
specialized DNA loops called vectors, which can reproduce
inside bacterial cells. Such libraries are often preferable to
genomic ones as a source of cloned genes for these reasons: 

(1) The clone represents the coding sequence. These libraries
are constructed by cloning only the end points of large genomic
fragments. The rest of the fragment, where no sequence informa-
tion or genetic markers are available, is deleted.

(2) The use of a particular mRNA source provides sequences
derived from a given gene known to be expressed selectively in
that tissue, eg, the liver or the muscle.

(3) cDNA libraries provide a way of separately propagating
and storing DNA fragments of identical size, as they are difficult
to separate by other techniques.

Screening cDNA libraries is a highly valuable approach for
discovering important information about neurologic functions
and diseases. This method has been used to identify genes that
are involved in Huntington disease.

Detection of gene mutations. The final challenge in gene
identification is to determine which one of the candidate genes
is mutated in a patient with a certain disease. Several types of
mutations responsible for inherited disorders have been identi-
fied by this approach. Biochip technology is now being applied
for detection of genetic mutations.

Microarrays and DNA chips. Microarray and DNA chip
technology (also known as gene chip or “biochip”) are rapid
methods of sequencing and analyzing genes. It is comprised of
DNA probes formatted on a microscale plus the instruments
needed to handle samples (automated robotics), read the
reporter molecules (scanners), and analyze the data (bioinfor-
matic tools). This technology is expected to revolutionize gene
analysis. Advances in microarray technology enable massive par-
allel mining of biological data, with biochips providing
hybridization-based expression monitoring, polymorphism
detection, and phenotyping on a genomic scale.2 Applications of
biochip technology relevant to neurologic disorders are:
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• Detection of single nucleotide polymorphisms
• Study of gene expression
• Detection of mutations and polymorphisms
• Gene chips for genetic screening
• Pharmacogenomics
• Chromosome on a chip for inherited disorders
An example of the application of biochip technology is the

identification of whether a gene is turned on or off by measur-
ing its ability to bind to the corresponding DNA sequences on
the chips. This is important because the functions of most genes
are still unknown even though the genome has been sequenced.
This approach is particularly useful in disorders where multiple
genes are involved and has been used to monitor gene activity in
the brains of various mouse strains following drug-induced
seizures. Results showed that almost 50 genes were turned on in
the hippocampus of the resistant strain versus only a dozen in
the sensitive strain.3 This study shows that gene expression may
have a protective function and offers the possibility of finding a
way to turn on appropriate genes by designing new drugs.

Identification of single nucleotide polymorphisms or SNPs.
These are small stretches of DNA that differ in only one base
and represent the most common form of genetic variation.
Single nucleotide polymorphisms (SNPs) serve to distinguish
one individual’s genetic material from that of another. There are
no exact figures on the frequency of occurrence of single
nucleotide polymorphisms in the human genome but they occur
about once every 1250 bases along the three billion base pairs,
i.e., the “letters” that make up the genetic code. 

Recent studies suggest about five single nucleotide polymor-
phisms per gene, but not every gene has a single nucleotide poly-
morphism. Single nucleotide polymorphisms comprise approxi-
mately 80 percent of all known polymorphisms. Approximately
two million single nucleotide polymorphisms have been identi-
fied already. Several technologies are used for their identification,
of which the most important are based on DNA microarrays or
biochip technology. Single nucleotide polymorphisms have the
following relation to an individual's disease and drug response:

• Single nucleotide polymorphisms are linked to disease sus-
ceptibility.

• Single nucleotide polymorphisms are linked to drug
response, e.g., insertions/deletions of ACE gene determine the
response to beta blockers.

• Single nucleotide polymorphisms can be used as markers to
segregate individuals with different levels of response to treat-
ment (beneficial or adverse) in clinical settings.

Study of gene expression in the CNS. The human brain has
a more complex pattern of gene expression than any other region
of the body. Considering the controversy about the exact num-
ber of genes in the human genome, the exact number of genes
expressed in the human brain is uncertain, but it is expected to

be fairly large. The molecular events in neurologic disorders are
caused or paralleled by specific gene expression changes. Analysis
of these changes provides an understanding of the disease at the
molecular level.

Several technological advances enable the analysis of thou-
sands of expressed genes in a small brain sample. These tech-
niques include expressed sequence tags, sequencing of cDNA
libraries, differential display, subtractive hybridization, serial
analysis of gene expression; and the high density DNA microar-
rays. Gene expression measurements may be used to identify
genes that are abnormally regulated as a secondary consequence
of a disease state, or to identify the response of brain cells to
pharmacological treatments.

The usual method for the study of gene expression in the
brain is by obtaining tissue sections and examining them for the
expression of a particular gene using a fluorescent probe. When
these genes are illuminated under a fluorescence microscope, the
regions where the gene is most highly activated within the nerv-
ous system are clearly shown. The nervous system provides
abundant opportunities to study gene expression because of the
presence of numerous genes that carry out a wide range of func-
tions. However, the development of a probe for each gene that
could potentially be expressed in the brain, and then the utiliza-
tion of these probes to test for the presence or absence of gene
expression, is a challenging task.

Three-dimensional gene expression patterns in the brain have
been mapped by analysis of spatially registered voxels (cubes) by
a process analogous to the images reconstructed in functional
brain imaging systems.4 Consistent gene expression differences
between normal and Alzheimer disease brains have been demon-
strated by this approach.
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Basic neurosciences
• Molecular neuropathology
• Molecular neuropharmacology
• Study of genes for neurologic disorders
• Genomic studies of nonhuman organisms relevant 

to neurology
• Creation of transgenic models of neurologic disorders

Clinical neurology
• Redefinition and reclassification of diseases
• Molecular diagnostics
• Gene therapy
• Personalized medicines
• Integration of diagnostics and therapeutics

Table 1. Applications of Genomics in Neurology



Impact of Genomics on Neurology
Completion of sequencing of the human genome will have its
benefits for neurology, as it has been at the forefront of human
genetics. Over 600 neurologic disorders have been mapped, of
which causative mutations have been assigned to about 200
Mendelian disorders, each individually rare. Future gene hunt-
ing will include increasing emphasis on polygenic disorders.
Identification of the genetic basis of disease predisposition will
be more difficult than for diseases with Mendelian inheritance.
Until now, the investigations of how a cell responds to a given
stimulus have been conducted one gene at a time. Technologies
in development now will enable the investigator to prepare an
array of clones representing thousands of genes and to find out
which ones are active by the presence of their mRNA within the
extracted material. Some of the goals relevant to neurology in the
postgenomic era are:

• Systemic identification of all common variants in human dis-
ease. Such a catalog will transform the search for susceptible
genes through the use of association studies.

• Simultaneous monitoring of expression of all genes. This will
be possible with recent technological advances in DNA microar-
rays. Global expression profiles, derived by classification of these
data, may reveal previously unrecognized types among patients,
diseases, and drugs. This might explain differences in underlying
mechanisms, responses to treatment, and side effects.

• Generic tools for manipulating cell circuitry. Transient disrup-
tion of gene expression will be more appropriate for the study of
many physiological processes and will be essential for the study
of human neurons.

• Monitoring the level and modification of all proteins. This is
significant because the most important circuitry occurs at the
level of protein and not RNA. These procedures may be possible
with mass spectrometry or "chip" detectors for proteins.

Genomics is improving our understanding of neurologic dis-
eases. This will be an important basis for the development of
rational therapies in integrated healthcare of the future.

Genomics will have the following impact on health care:
• Increase the range of diseases that can be treated with drugs.
• Increase in the precision and effectiveness of drugs. If a

patient can be diagnosed in terms of DNA mutations, alleles, or
polymorphisms pertaining to a specific disease, their response to
treatment can be vastly improved.

• An increase in the ability to anticipate diseases rather than
just reacting to them. This may enable the institution of preven-
tive measures.

• Development of more effective drugs may lead to a trend
for treatment with drugs rather than surgery.

Genomics-based therapeutics provide the opportunity to
manage some of the neurologic diseases for which there are no
satisfactory treatments at present. In the next decades, many of

these diseases will succumb to therapies based on genomic tech-
nologies, perhaps eventually reducing the high cost of maintain-
ing health. Important developments will include personalized
medicines and a combination of diagnostics and therapeutics.
Important applications relevant to neurology that will result from
the knowledge of the human genome are shown in Table 1.

Study of neuropathology at the molecular level. Genomic
technologies have enabled the study of neuropathology at the
molecular level; this may be termed molecular neuropathology. In
situ hybridization and polymerase chain reaction enable visualiza-
tion of genes in single cells. The limitation of these techniques is
the difficulty in analyzing the expression of multiple genes
involved in the physiology of an individual cell. Expression pro-
files represent the molecular fingerprints of cells, and differences
in the patterns between normal and diseased cells provide infor-
mation about the molecular pathology at the single cell level.
Analysis of messenger RNA levels for various genes in the central
nervous system tissues may enhance understanding of the patho-
physiology of neurologic disease. Comparison of expression levels
of normal and diseased cells in neurologic disorders have both
diagnostic and therapeutic implications. The eventual aim is
detection of neurologic disease at the presymptomatic stage.

Molecular neuropharmacology. The imprint of genomics is
apparent in modern neuropharmacology, as it is studied at the
molecular level. Discovery of genes for various neurotransmitter
and ion channel receptors has enabled the elucidation of the
action of drugs and facilitated the drug development process.
Gene expression studies can help in identifying key molecules
that participate in early pathogenesis, thus pointing to novel
drug targets and enabling the design of drugs to inhibit disease
progression. Genomic-based technologies are now the most
important part of the drug discovery process in the biopharma-
ceutical industry. Neurogenomics will revolutionize neurothera-
peutics even though the process will be somewhat tedious.
Gene-based medicines (antisense and gene therapies) will be an
important part of neuropharmacology of the future.

In clinical neuropharmacology, pharmacogenomics and
genotyping are more powerful than pharmacokinetics and ther-
apeutic drug monitoring. Genotyping will be preferred to thera-
peutic drug monitoring because of the following advantages:

• Genotyping has lifetime value, whereas therapeutic drug
monitoring applies to a single occasion only.

• Genotyping can be performed both before and after thera-
py, whereas therapeutic drug monitoring is performed in con-
junction with therapy.

• Genotyping can identify any gene, whereas therapeutic
drug monitoring identifies only metabolic variations.

It is expected that several gene mutations will be identified in
epilepsy using DNA biochips, e.g., those in ion channel genes.
Future drugs may be designed specifically according to the elec-
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trophysiological dysfunction as personalized medicines for
epilepsy. Study of multidrug transporters is a fruitful area of
epilepsy research. The knowledge that multidrug transporters are
increased in epileptogenic areas opens potential new avenues for
therapeutic intervention. Drugs can be developed to inhibit or
bypass overexpressed transporters, or implantable devices can be
used to deliver high concentrations of drugs directly into the
epileptogenic brain parenchyma.5

Study of genes for neurologic disorders. Most diseases have
a genetic component. Until now, the investigations of how a cell
responds to a given stimulus have been conducted one gene at a
time. Technologies currently in development will enable investi-
gators to prepare an array of clones representing thousands of
genes and to find out which ones are active by the presence of
their mRNA within the extracted material. In the past, most of
the emphasis was on monogenic disorders such as Duchenne
muscular dystrophy. Future gene hunting will include increasing
emphasis on polygenic disorders such as Alzheimer's disease.

The list of genes for neurologic disorders that have been iden-
tified and those that have been sequenced continues to grow, and
it is difficult to keep the lists updated. A list of some neurologic
disorders with a genetic component and location of their genes
on chromosomes, along with those involving other systems can
be viewed on the National Center for Biotechnology
Information web site.

Genomic studies of nonhuman organisms relevant to
neurology. Study of the genome of the yeast Saccharomyces
cerevisiae facilitates an understanding of human gene function.
Yeast does not have a nervous system, but expansions of trinu-
cleotide repeats, prions, and other processes are analogous to
those underlying many human neurologic diseases. Human
genes can be linked to a phenotype in yeast to develop func-
tional assays for mutation detection. Yeast as a model organism
is already being used to identify new casease inhibitors that are
under investigation as therapeutic agents for stroke and other
neurologic disorders.

The Institute for Genomic Research has determined the
complete genetic blueprint for Neisseria meningitidis, the pri-
mary causative agent of bacterial meningitis. A detailed descrip-
tion of the Neisseria meningitidis genome is available online at
The Institute for Genomic Research’s web site. An understand-
ing of the bacterium's pathogenicity determinants can be
derived from the genome sequence. The detailed information on
the microorganism's genetic structure has been used to identify
novel vaccine candidates against meningococcal meningitis.

Creation of transgenic models of neurologic disorders.
Animal models of human neurologic disease are assuming an
important role in evaluation of various new treatments, includ-
ing gene therapy. Spontaneously occurring genetic defects in ani-
mals are inadequate for serving as models of human disease, thus

the need for induced mutations. Mutations can be established in
the animal genome by one of two approaches: nonhomologous
recombinations (transgenic) or homologous recombinations
(knock-out, null mutations). Transgenic animals are animals
wherein foreign DNA has been integrated into the genome of all
cells and can be transmitted to the offspring. Expression profil-
ing of known genes in neurologic diseases can provide informa-
tion to generate animal models by knockout or transgenic meth-
ods.

Redefinition and reclassification of diseases. Several dis-
eases can now be described in molecular terms. Some defects can
give rise to several disorders, and diseases will be reclassified on a
molecular basis rather than according to symptoms and gross
pathology. The implication of this is that the same drug can be
used to treat a number of diseases with the same molecular basis.
Another way of reclassification of human diseases will be subdi-
vision of patient populations within the same disease group
according to genetic markers and response to medications.

An example of the changing attitude toward the molecular
basis of disease is the genetic basis of a link among migraine, anx-
iety, and depression. This information offers potential new indi-
cations for the numerous compounds that modulate the
dopaminergic system. Clinical trials for the potentially new indi-
cations can be optimized by genotype analysis of patients with
migraine, depression, and anxiety disorders.

Molecular diagnostics. This is the clinical application of
molecular technologies related to DNA and RNA used to eluci-
date, diagnose, and monitor human disease. Knowledge of DNA
sequences or their encoded proteins that have been gained from
the study of genomics have been used to develop probes for
molecular diagnostics. DNA arrays that measure levels of gene
expression will become more useful in clinical diagnosis.

Gene therapy. Gene therapy involves the transfer of defined
genetic material to specific target cells of a patient for the ulti-
mate purpose of preventing or altering a particular disease state.
DNA sequences, identified through study of genomics, can be
transferred into cells to correct genetic defects, destroy abnormal
cells, or regulate cellular function.

Personalized medicines. This refers to selective prescription
of drugs to individuals for whom the drug should be safe and
effective. This will be possible with the use of genomics-based
drug development. Selection of a drug best suited for a patient
according to genotyping is preferable to the trial and error
approach, wherein several drugs available for a disease are tried
until the best tolerated and the most effective is found.6
Although some reservations have been expressed about the prof-
itability of this approach by the pharmaceutical industry, there is
no doubt that this approach will be preferred when considering
medical ethics and the best interests of the patients. Eventually,
this approach will also be financially viable because of the
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increased efficacy and reduced adverse effects. It is possible that
governments and insurance carriers may refuse to pay for treat-
ments unless proof is provided that patients are likely to respond
to the drugs prescribed for them. Some of the developments in
this area are as follows:

• The application of rapid tools for screening short nucleotide
polymorphisms may eventually make it possible to look for the
unique signature of an individual in a short time. The patient
may present at a clinic carrying a chip, and the whole genome
may be scanned for it. This may be correlated with diagnosis and
prescription to determine drug response of the individual
patient.

• It may not be necessary to scan the entire genome to assess
patient drug response. It may suffice to identify specific, clinical-
ly important genetic variances to provide consistent drug effects
by selective prescription. This approach is based on the presump-
tion that genes involved in drug action are overrepresented
among genes whose sequences are already known. The enzyme
resolvase is used to scan the selected genes to locate short
nucleotide polymorphisms and cuts the DNA when the
nucleotide sequence differs from the reference sequence. The
genetic profile may reveal patients who are likely to experience ill
effects from the drug.

• The current pharmaceutical industry paradigm is based on
the single target concept; therefore, target variation among indi-
viduals is merely an afterthought that often plagues clinical trial
results and causes failures. Haplotyping is in development to
identify patients who will derive optimal benefit from drugs cur-
rently under development. Physicians will be able to import any
type of clinical data into the haplotyping system for complete
patient analysis. This system is available to physicians participat-
ing in clinical trials. By the year 2010, physicians may be able to
prescribe therapy based on this system.

Examples of application of genomic technologies leading to
development of personalized neurology include Alzheimer disease,
Parkinson disease, multiple sclerosis, epilepsy, and narcolepsy..7

• Alzheimer’s disease. The interaction of different transcription
factors with the regulatory region of the ApoE gene plays an
important role in the neuroinflammatory process seen in
Alzheimer’s disease and is a target for developing new therapeutics
for the disease.8 Genotype-specific responses of Alzheimer’s
patients to a particular drug or combination of drugs has been
demonstrated, although several studies examining the role of
ApoE produced conflicting results. A multifactorial therapy com-
bining three different drugs yielded positive results during six to
12 months in approximately 60 percent of patients.9 With this
therapeutic strategy, ApoE-4/4 carriers were the worst responders,
and patients with the ApoE-3/4 genotype were the best respon-
ders. The pharmacogenomics of Alzheimer’s may, in the future,
contribute to optimizing drug development and therapeutics,

increasing efficacy and safety, and reducing side effects.
Apart from ApoE, there are approximately 20 genes associat-

ed with Alzheimer disease. The most recently identified of these,
SORL1, was discovered during an international study that ana-
lyzed DNA from more than 6000 people from an isolated pop-
ulation in the Dominican Republic. The study found that this
gene can raise the risk of developing Alzheimer disease three
times in this population.10

• Parkinson’s disease. Levodopa is used to titrate dopamine up
to an optimal level for movement and some aspects of cognition.
Response of individual patients and adverse reactions vary con-
siderably. An understanding of the basis of these differential
effects may enable modification of the drug dose, or combina-
tion of levodopa with other drugs, to produce the best outcome
for individual patients and to avoid such reactions. There is a
trend now toward incorporating genetics into clinical studies of
therapy for Parkinson’s disease to investigate how a person's
genetic make-up influences the effect of drugs that work by neu-
rochemical intervention. Approximately 50 percent of
Parkinson's disease patients treated with levodopa develop L-
dopa-induced dyskinesias in the long term and the use of phar-
macogenetics should be explored in an effort to reduce this com-
plication.11

• Multiple sclerosis. A pharmacogenetic research model has
been described that implements high-throughput single
nucleotide polymorphism technology to establish the correlation
between drug-responsiveness and genetic polymorphisms of
glatiramer acetate-treated multiple sclerosis patients.12 Imple-
mentation of similar pharmacogenetic approaches may promote
the development of personalized medicine in multiple sclerosis.
Spectratyping has shown that T-cells bearing particular types of
receptors are activated in multiple sclerosis patients.13

T-cell receptor-based immunotherapy can be applicable to
multiple sclerosis patients if the T-cell receptor activation pattern
of each patient is determined at different stages of the disease. In
vitro and ex vivo RNA expression profiles of multiple sclerosis,
under treatment with interferon-beta, have been determined by
cDNA microarrays.14 The profiles of nonresponders differed
from those of responders as assessed by longitudinal gadolinium-
enhanced MRI scans and clinical disease activity. These observa-
tions will help to better elucidate the mechanism of action of
interferon-beta in relation to different disease patterns and even-
tually lead to optimized therapy.

The BEST-PGx (Betaferon/Betaseron in Early relapsing-
remitting MS Surveillance Trial-Pharmacogenomics) will inves-
tigate the value of RNA expression profiling and pharmacoge-
netics in predicting treatment response to interferon beta in
patients with early relapsing multiple sclerosis.15

• Epilepsy. Epilepsy is mostly a multifactorial disorder,
although familial forms occur and some epilepsy genes have
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been identified. Currently there are no genetic tests for epilepsy.
Single-nucleotide polymorphism association analysis shows that
malic enzyme 2 (ME2) gene predisposes to idiopathic general-
ized epilepsy.16 ME2 is a genome-coded mitochondrial enzyme
that converts malate to pyruvate and is involved in neuronal syn-
thesis of the neurotransmitter GABA. Disruption of synthesis of
GABA predisposes to seizures, which are triggered when muta-
tions at other genes are present. 

It is also becoming increasingly clear that genetic polymor-
phisms play an integral role in variability in both pharmacoki-
netics and pharmacodynamics of antiepileptic drugs. Gene
expression patterns of children on valproic acid monotherapy
differ according to whether they have continuing seizures or
remain free from seizures. This information can be used for per-
sonalizing antiepileptic therapy.17 The publication of the human
genome and increasing sophisticated and powerful genetic tools
offer new methods for screening drugs and predicting serious
idiosyncratic side effects.

No AED guidelines based on pharmacogenetic data are yet
available. There is a need for, and an opportunity to, establish
standards specific to the conduct of future antiepileptic drug
studies to improve the management of epilepsy.18

• Narcolepsy. Functional polymorphism of the catechol-O-
methyltransferase gene is involved in the severity of narcolepsy
and in the response to modafinil.19 Additional genes that influ-
ence the response to modafinil and treatments need to be stud-
ied. This may enable the individualization of treatment.

• Chronic fatigue syndrome. This is a complex illness that
includes alterations in multiple body systems and results from
the combined action of many genes and environmental factors.
Genomic studies including single nucleotide polymorphisms
have linked chronic fatigue syndrome to five mutations in three
genes-coding for the glucocorticoid receptor, for serotonin, and
for tryptophan hydroxylase-that are related to the body's ability
to handle stress.20,21 The findings provide evidence of the biolog-
ical basis of chronic fatigue syndrome and could lead to
improved diagnostic tools and new therapies.

Integration of diagnostics and therapeutics. The trend in
health care in the next decade will be integration of diagnostics
and therapeutics. If a patient can be diagnosed in terms of DNA
mutations, alleles, or polymorphisms pertaining to a specific dis-
ease, their response to treatment can be vastly improved. This
will be facilitated by gene-based disease management incorporat-
ing genetic tests that predict the safety and efficacy of therapeu-
tic products. The identification of genes that influence the pen-
etrance and expressivity of risk would be important in determin-
ing these risk profiles. As treatment becomes more specific to the
genetic cause of disease, diagnostic tools that measure the activ-
ity of targeted genes will become crucial for disease manage-
ment. Eventually, prior to the prescription of therapy, a diagnos-

tic test must confirm the existence of diseased genes and their
activity levels in order to improve treatment efficiency and cut
patient care cost.

A Glimpse of Neurology in the Postgenomic Era
With the sequencing of the genome and genetic redefinition of
neurologic diseases, pathomechanism will be better understood
and will facilitate early detection by molecular methods and
effective strategies for management. Drugs will be targeted bet-
ter to diseases in particular patients based on genotype informa-
tion. Toxicity will be predictable in most cases prior to drug
administration.

Before the end of the first decade of the 21st century, it is
anticipated that the general population will have the opportuni-
ty to carry a chip card, like a credit card, with all the genetic
information of the person coded on it. Such a database can be
constructed by taking a blood sample of the individual, rese-
quencing the functional DNA, and identifying the genetic vari-
ations in functional genes.

Adapted from MedLink® Neurology (www.medlink.com) with
permission.
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